Background: Data demonstrating the effectiveness of inactivated trivalent influenza vaccine (TIV) for children at increased risk of severe disease are limited. Our objective was to determine the effectiveness of TIV in children with risk factors for severe disease and to compare vaccine uptake, parental attitudes and prescriber recommendations in children with and without risk factors for severe disease. Methods: Children aged 6-59 months presenting for emergency care (2008 to 2014) with an influenza-like illness were eligible. Influenza polymerase chain reaction/culture was performed on nasopharyngeal samples. Vaccination status was confirmed via the national register and/or vaccine providers. The test-negative design was used to estimate vaccine effectiveness (VE). Risk factors, parental attitudes and prescriber recommendations were assessed by parental questionnaire. Results: Two thousand seven hundred twenty-three children were recruited. Risk factors for severe disease included comorbid medical conditions (11.6%), preterm birth (13.0%) and indigeneity (5.0%). Influenza was identified in 546 (20.1%) participants. Overall VE (2008 and 2010 to 2014) was 70.0% (95% confidence interval: 47.7 to 82.9); VE for children with medical comorbidities, children born preterm and children <2 years were 82.5% (14.6 to 96.4), 79.2% (10.9 to 95.1) and 84.7% (49.6 to 95.3), respectively. After adverse events in 2010, the number of children fully vaccinated with TIV declined significantly. This included children with and without risk factors for severe disease. Attitudes were similar in parents of children with and without risk factors for severe disease. Conclusions: VE for TIV in young children with and without risk factors for severe disease was ≥70%. Despite this, participation in the preschool influenza vaccination program remains low with parents and prescribers unconvinced of the benefits and safety of TIV.
I nfluenza viral infections remain a major contributor to the global burden of acute respiratory infection. 1 Young children, the elderly and others with underlying medical conditions are at greatest risk of hospitalization, morbidity and death. [2] [3] [4] Vaccination is the most effective method for preventing influenza virus infection and its complications and is therefore recommended for those at greatest risk.
The medical conditions that predispose to severe outcomes after influenza infection include underlying cardiac disease, chronic respiratory disorders, chronic neurological conditions, immunosuppressive conditions and medications, diabetes and pregnancy. In a recent systematic review of influenza-related complications in children presenting to primary and ambulatory care, Gill et al 5 identified neurological disorders, prematurity, sickle cell disease, immunosuppression, diabetes and age <2 years as the strongest risk factors for influenza-related hospital admission. Other authors have demonstrated that those with chronic lung disease, asthma, airways disease, cardiovascular disease, neuromuscular disease and immunocompromising conditions are at significant risk of complicated influenza infection. 6 To date, the only vaccine against influenza available in the Southern Hemisphere has been an inactivated trivalent influenza vaccine (TIV). In Australia, vaccination is recommended for the elderly (≥65 years), pregnant women, indigenous Australians (≥15 years of age and from 2015 onward, indigenous children aged 6 months to 5 years) and persons ≥6 months with comorbid medical conditions predisposing to severe outcomes after influenza infection (hereafter referred to as medical comorbidities). 7 Although recommended for all Australian children 6 months to 5 years due to their increased risk of hospitalization, morbidity and mortality following influenza, 7 TIV is only funded nationally for young indigenous children.
In Western Australia, TIV is provided free of charge for all children aged 6-59 months under a state-funded immunization program. After introduction of the program in 2008, excellent uptake was initially achieved. 8 A high rate of febrile adverse events with one manufacturer's TIV in 2010 (bioCSL's Fluvax and Fluvax Junior, Parkville, Australia) resulted in temporary suspension of the national and WA pediatric influenza vaccine program. 9, 10 The incidence of febrile convulsions with a bioCSL vaccine was 4.4 per 1000 doses [95% confidence interval (CI): 3.4 to 5.6]. More than half of the parents reported that their child sustained high fever after the receipt of a bioCSL product, >5 times that observed with alternative TIV products (odds ratio [OR]: 5.1; 95% CI: 2.9 to 9.2). 9, 10 Subsequent to this, uptake in young children of alternative brands of influenza vaccine including Vaxigrip and Vaxigrip junior (SanofiPasteur, Lyon, France), Influvac and Influvac Junior (Abbott, Weesp, The Netherlands), Fluarix (GlaxoSmithKline, Rixensart, Belgium) and Agrippal (Novartis, Sienna, Italy) has been low. 8 The West Australian Influenza Vaccine Effectiveness (WAIVE) study commenced in 2008 to monitor the effectiveness of the state-based pediatric influenza vaccination program. This study has demonstrated the effectiveness of TIV in preschool children.
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It also has demonstrated the significant impact of the 2010 adverse events on parent and prescriber attitudes toward influenza vaccination. 8 We undertook to extend the findings of the published vaccine effectiveness (VE) estimates and to determine the uptake and effectiveness of influenza vaccine in children with risk factors for severe disease, specifically children with medical comorbidities, children born preterm (<37 weeks of gestation), indigenous children and children <2 years of age. We also aimed to explore parental and prescriber attitudes toward vaccination of children with risk factors for severe disease.
MATERIALS AND METHODS
Children aged 6-59 months presenting with an influenzalike illness (ILI) to the Emergency Department of Princess Margaret Hospital during the influenza seasons of 2008 to 2014 inclusive were eligible for enrollment. ILI was defined by at least 1 acute respiratory symptom or sign plus either a documented fever ≥37.5°C or a history of fever in the past 96 hours. Children with known contraindication to influenza vaccine, immunodeficiency disorders, current or recent immunosuppressive treatment and administration of immunoglobulins in the past 3 months were excluded.
After written consent from parents or guardians, clinical data, parental attitudes and nasopharyngeal samples were collected. Bilateral mid-turbinate nasal swabs (Copan Diagnostics Inc, Murrieta, CA) placed into the viral transport medium or nasopharyngeal aspirates were collected on all enrolled children. Using previously published methods, nasopharyngeal samples were tested by polymerase chain reaction assay for respiratory viruses including influenza A, B and C. [12] [13] [14] Viral culture was performed using centrifuge-enhanced inoculation onto Madin-Darby canine kidney cells and diploid human lung fibroblasts and confirmed using immunofluorescent antibody detection with monoclonal antibodies directed at influenza A or B (Oxoid Microbiology; Thermo Fisher, Waltham, MA).
Medical comorbidities were defined as per the Australian Immunisation Handbook (10th edition) as the presence of an underlying condition increasing the risk of complications from influenza infection. 7 These included cardiac disease, chronic respiratory conditions, chronic neurological condition, diabetes, chronic renal failure, inherited metabolic diseases and obesity. Preterm birth was defined as birth <37 weeks of gestation.
Vaccination status was assessed during the parental interview and then confirmed by the Australian Childhood Immunisation Register (ACIR). If vaccination status could not be determined or discrepancies were noted, immunization providers were contacted. "Fully vaccinated" was defined as (1) 2 doses of TIV at least 21 days apart and at least 14 days before presentation or (2) 1 dose of TIV at least 14 days before presentation and 2 or more doses in a previous year. 7 "Partially vaccinated" was defined as the receipt of 1 dose of TIV at least 14 days before presentation without at least 2 doses in previous years. Children who had not received any vaccination in the year of presentation or were vaccinated <14 days before presentation were deemed unvaccinated.
Estimates of community vaccine uptake were calculated from influenza test-negative control subjects enrolled in the WAIVE study (2008 to 2014 inclusive). Fully vaccinated and partially vaccinated children were expressed as a proportion of the total influenza test-negative controls and 95% CIs calculated.
The effectiveness of influenza vaccine in children aged 6 months to 5 years was calculated in children presenting to the emergency department with ILI during influenza season in years 2008 and 2010 to 2014; children enrolled in 2009 were excluded from VE calculations given (1) the mismatch between pandemic A(H1N1)pdm09 and the 2009 southern hemisphere seasonal TIV and (2) the a priori focus on determining the effectiveness of TIV against seasonal influenza. Using the test-negative design, [15] [16] [17] children testing positive for influenza viruses (polymerase chain reaction and/or viral culture) were identified as cases. These were compared with enrolled children testing negative for influenza (ie, test-negative controls). VE was determined in the total population and separately in children with specific risk factors for severe diseases: those with medical comorbidities, indigenous children, children born preterm and children <2 years of age.
Parental attitudes toward influenza illness, influenza vaccination and immunization in general and parental-reported prescriber recommendations were assessed on all enrolled children. The questionnaire was administered to the parent or guardian when the child was recruited into the study. All questions could be answered as yes, no or unsure. To determine whether parental attitudes and prescriber recommendations varied according to the risk of complications after influenza infection, further analysis was undertaken: the attitudes of parents and recommendations of prescribers for children with and without medical comorbidities were compared as were the attitudes and recommendations of children born preterm and term, indigenous and nonindigenous children and children aged <2 years and ≥2 years.
Statistical analysis was performed using SPSS 20.0.0 (IBM Corp., New York, NY). Differences in categorical variables were tested by the χ 2 test or Fisher exact test. A P value (2-sided) of 0.05 was considered significant. With laboratory-confirmed influenza as the primary outcome and vaccine status as the primary exposure, ORs and 95% CIs were calculated using logistic regression models. Fully vaccinated children were compared with unvaccinated children. Season, month of disease onset, age, gender, indigenous status, prematurity and the presence of comorbidities (yes/no) were included as covariates. VE was calculated as 1 − OR.
Ethical approval for the study was obtained from the ethics committees of Princess Margaret Hospital for Children (1673/EP), the South Metropolitan Area Health Service and the Western Australian Aboriginal Health Information and Ethics Committee.
RESULTS
A total of 2851 children presenting to the emergency department with an ILI between 2008 and 2014 were recruited into the WAIVE study. One hundred twenty-eight children were excluded from the analysis leaving 2723 children available for analysis (consent was withdrawn in 38, 50 were older than 59 months, 30 had no respiratory sample collected and in 10 children, vaccination status could not be determined).
The median age of children enrolled was 1.9 years (interquartile range: 1.2-3.1 years) and 1463 of 2708 (54.0%) children were male (Table 1) . Risk factors included indigeneity (5.0%), preterm birth (13.0%) and medical comorbidities (11.6%), including asthma (8.3%), other chronic respiratory disorders (1.4%), chronic neurological conditions (1.1%) and congenital heart disease (1.0%). No significant differences in demographics were identified when fully vaccinated, partially vaccinated and unvaccinated children were compared. Children with comorbidities were more likely to be fully vaccinated (55/300; 18.3%) compared with children without comorbidities (294/2282; 12.9%; P < 0.03).
Influenza Fig. 1 ). In children with risk factors for severe influenza (children with medical comorbidities, children born preterm and indigenous children), a similar decrease in uptake was observed compared with those without risk factors (Fig. 1) . Uptake has remained low since 2010: a nonsignificant trend toward increased uptake however was observed in those with comorbidities in 2014 (Fig. 2) .
VE was calculated on those enrolled in the years 2008 and 2010 to 2014 ( Parental attitudes of (1) children with and without medical comorbidities, (2) indigenous and nonindigenous children, (3) children born preterm and at term and (4) children aged <2 years and ≥2 years were compared. Few differences were noted when comparing response from parents of children with and without medical comorbidities. No significant differences were identified when comparing parental attitudes of children born preterm with those born at term, parental attitudes of indigenous and nonindigenous children and children aged <2 years and ≥2 years (data not shown).
Parents of children with medical comorbidities were similarly aware of the significance of influenza infection compared with the parents of children without comorbidities (Table 3) : 94.3% of parents of children with and without comorbidities agreed with the statement "influenza can put young children in hospital." Parents of children with comorbidities also showed the same concern about vaccine safety as did parents of children without comorbidities: only 38.7% and 40.4% of parents, respectively, agreed with the statement "influenza vaccine is safe." Of note, parents of children with comorbidities less frequently agreed with the statements "I am worried about side effects of the influenza vaccine" and "It is better to have natural immunity against influenza" compared with parents without comorbidities. Parents of children with comorbidities were more likely to agree with the statement "My child has not been vaccinated because they have been unwell." A similar attitude toward vaccination in general was observed in both parental groups.
A small but significant change in parental attitudes was observed when parental attitudes toward influenza vaccine safety were assessed in 2014 (all parents) and compared with 2010 to 2013: in 2014, 46.2% of parents agreed and only 7.7% disagreed with the statement "influenza vaccine is safe" compared with 34.0% and 12.4%, respectively, in 2010 to 2013 (P < 0.001). Furthermore, a smaller proportion of parents (57.7%) agreed with the statement "I am worried about the side effects of the influenza vaccine" in 2014 compared with those in 2010 to 2013 (64.5%; P = 0.03), suggesting that attitudes are changing.
Parents of children with medical comorbidities were more likely to recall discussing influenza vaccination with their general practitioner compared with those without comorbidities (39.4% vs. 32.7%; P < 0.02). The proportion was significantly lower in both groups' post-adverse events in 2010. General practitioner recommendations appeared to vary significantly pre-and post-2010 adverse events. From parental questionnaires, general practitioners were equally likely to recommend vaccination in children with and without comorbidities in 2008 and 2009 (77.8% and 78.7%, respectively). After 2010, general practitioners were less likely to recommend vaccination to both those with and without comorbidities (59.7% and 51.2%, respectively), with a greater proportion recommending against (16.9% and 12.7%, respectively) or giving no recommendation (23.4% and 36.2%, respectively). The trend toward more frequent recommendation in those with medical comorbidities compared with those without after 2010 was not significant. Despite the encouraging trend observed in parental attitudes in 2014, the proportions of parental recalling their general practitioners recommending influenza vaccine in 2014 was unchanged.
DISCUSSION
Results of this study confirm and extend published studies evaluating the effectiveness of inactivated influenza vaccines in young children. 11, [18] [19] [20] [21] Using the test-negative design, we have previously demonstrated that adjusted VE against laboratory-confirmed influenza in children <5 years presenting to an emergency department (2008 and 2010 to 2012) was 64.7% (95% CI: 33.7 to 81.2).
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Until now, too few children have been enrolled in this study to demonstrate the statistically significant VE estimates in those at greatest risk of severe influenza, including those with medical comorbidities, children born preterm and indigenous children. These data now demonstrate that VE in children with comorbidities, children born preterm and children <2 years of age is similar to total pooled estimates.
This study also enables us to describe vaccine uptake, parental attitudes and prescriber recommendations in those with and without risk factors for severe disease. Although vaccine uptake is higher in those with comorbidities, total vaccine uptake is still inadequate in all populations. Similar parental attitudes are observed in those with and without risk factors for severe disease: of note, parents of children with comorbidities appear to be less worried about side effects and less trusting on natural immunity to influenza. This study also further demonstrates the impact of adverse events observed in 2010 with bioCSL's Fluvax and Fluvax Junior on vaccine uptake and parental attitudes. Vaccine uptake was reduced in all populations, including those at greatest risk of severe influenza.
Our previous study using principal component analysis revealed that positive parental attitudes toward influenza vaccine safety and efficacy were the strongest predictor of vaccine uptake [adjusted OR: 3.38; 95% CI: 2.87 to 3.98]. 8 It is anticipated that demonstrating the effectiveness and safety of TIV is central to restoring confidence in pediatric influenza vaccination for those with and without risk factors. The WAIVE study has demonstrated VE over a number of seasons. It remains essential to continue monitoring VE to confirm that vaccination is providing adequate protection and to further understand factors affecting VE. 18 Safety of non-bioCSL influenza vaccines has been demonstrated in children both in 2010 and in subsequent seasons, 9, 10, 22, 23 with ongoing safety surveillance anticipated in future seasons. In a number of Australian states, robust centralized safety surveillance systems are in place, but a truly national system is yet to be developed. These programs are keys to restoring public confidence in pediatric influenza vaccination.
Vaccine uptake remains poor 4 years after the 2010 adverse events. The increased uptake in those with comorbidities in 2014 is particularly encouraging and may demonstrate that public information campaigns undertaken since 2010 highlighting the risk of influenza, particularly to those with preexisting medical conditions, the safety of distributed brands and (from 2014 onward) the effectiveness of TIV, are having an impact. Previous research has demonstrated that discussion with a family doctor or general practitioner has a significant positive impact on vaccine uptake. [24] [25] [26] [27] Of concern is that despite published efficacy and safety data, parents report that >40% of general practitioners continue to recommend against influenza vaccine or provide no specific advice. This is despite the existence of a funded state-based program for vaccinating young children with TIV and a recommendation by the Australian Technical Advisory Group on Immunisation, Australia's peak scientific advisory group on immunization. 7 Further research to confirm parents' observations and targeted education of health professionals is essential to ensure that families enquiring about influenza vaccine are provided with contemporary safety and effectiveness data. This is especially important in children with risk factors for severe influenza. Further research focusing on prescriber's attitudes is also essential to understand the factors influencing their recommendations.
There is consistent evidence from Australia and overseas that indigenous populations are at increased risk of hospitalization and morbidity from influenza. [28] [29] [30] In 2015, influenza vaccine will be provided free as a part of the national immunization program to indigenous children 6 months to <5 years extending the current recommendation for all indigenous Australians ≥15 years. Although point estimates are encouraging, to date, insufficient numbers of indigenous children have been recruited in studies to demonstrate VE in this group. Specific programs to evaluate VE in indigenous children should be undertaken to evaluate this extension to Australian national influenza vaccination program.
The strengths of this study include the number of children enrolled. This is the largest study evaluating southern hemisphere inactivated influenza vaccine in young children. The use of multiple methods to confirm immunization status and laboratoryconfirmed medically attended influenza using highly sensitive and specific laboratory methods add further strength. The exclusion of immunocompromised children has limited our ability to determine VE in all high-risk populations. The decreased vaccine uptake observed after the 2010 adverse events has constrained our ability to demonstrate VE: pooled analyses over many seasons have therefore been necessary to provide robust estimates. The lack of alternative vaccines in Australia such as live-attenuated has limited the generalizability of our findings to other countries. This is of particular importance, given both the increasing acceptance and the uptake of live-attenuated influenza vaccine in North America, its recommendation as a part of the childhood influenza vaccination program in the United Kingdom and recent concerns about VE of this product. 31, 32 Determining prescriber recommendation by parental recall may have introduced potential biases.
CONCLUSIONS
Our findings extend influenza VE estimates in young children and further demonstrate effectiveness in a number of highrisk pediatric populations. Adverse events associated with the 2010 bioCSL's Fluvax and Fluvax Junior have impacted on uptake in all children including those at greatest risk of severe disease. Uptake remains poor. Despite demonstrated effectiveness and safety of alternative brands of inactivated influenza vaccines in young children, confidence and participation in the Western Australian preschool influenza vaccination programs remain low with many parents and prescribers remaining unconvinced of the safety and benefits of influenza vaccination in young children. Given the demonstrated effectiveness and safety of TIV, further research must now explore ways to improve uptake. Surveying prescribers' attitudes toward influenza vaccine in young children is required. Without improved uptake, significant, preventable, influenza morbidity and mortality will continue to be observed. Given the moderate VE demonstrated, access to alternate vaccines available in the Northern Hemisphere (eg, live-attenuated influenza vaccine) and increased research to develop more effective vaccines is also required.
